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Fig。1_3 Percentage of inaterial ofinsel・ts and total number of shiplllents.
年間でその比率が40%から70%まで急増し,最も重要な工具材質となつたことが理解できる。こ
れは上述の切削工具の過酷な使用環境から考えると至極当然の結果とも言える。切削工具用コー ティ

























Principle With reactive gas at a highTemperature (thermal CVD)
lonization of the vaporized metal







Coating temperature 800～1000'C 400～600'C
Adhesion Excellent good
Stress Tensile(-1GPa) Compressive(‐2-‐5 CPa)
lransverse test
(fracturing property) FaiJure good





Milling insert, Endmill, (interrupted

























































Fig. 1-5 ('r'oss section:rl
BI'ight lilt.er =
TE\I imlge of Ti\i.\l\ nirnonrultil:r1'er filnr.







































































Fig. 1-7 Yickers bardness of selected materials in comparison with that of
heterostructures and nanocrlrrstaline composites (the numbers on tbe
right hand side indicate the year when the hardness given was achieved).













(a)Ti50A:50N輌:m                  (b)T略OSLON ttim
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Ar gas plasma bombardmant Ti‐Al‐N depOsition
Ar gas pressure 7.8Pa
Bias voltage -1000 V
Temperature 873 K
Time 30 min
Target            Ti50A:50
N2gas pressure            2.6 Pa
Arc curent            100A
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うに調整されたWC℃o系超硬合金基材(ЛS K10,1311111m×13 rlm×31111m),および切削工具KJIS P20)に
























































































2-3-1  寄艶巾魔¨ 月熙
基板バイアス電圧とナノインデンテーション硬度の関係をFig.23に示す。基板バイアス電王の増
加にともない膜が高硬度化し,基板バイアス電王-loo vから300Vでは約42.5 GPaでほぼ一定値と
なった後,基板バイアス電圧 4CXI Vで最大硬度46 GPaが得られた。
Fig.2`に基板バイアス電圧と抗折力の関係をも 、この結果から抗折力は,基板バイアス電圧の増












Fig. 2-3 ltlano-indentation hardness of Ti-Al-N
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Bias voltage(‐V)
Fig。2_4 TRS ofTi‐Al‐N rllms with different bias voltage.
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Blas voLage (‐V)































(a)                                                         (b)
Fig.2‐6 SEII Inicrographs of crack length after indentation test:(a)at keeping the substrate














Flg.2-7 SEM mlcrographs of the cuttlng edge of Tl-Al-N
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Fig。2-8 0rlentatlon lc2003/1(111)OfTl‐Al‐N
籠lms with dttrent blas voltage.
{a)Bias voltage: €0V
-20‐
二υ,キ iりtん らヽわ乃蠅 kう11, ||
|ヽの場合(200)|1己千11ヒなるが,
{a) Bias voltage :0V (b) Bias voltage -50V










(c) Bias voltage : -'100V
Ijig.2-9 ('r'ors-sectionalSl\l irn:rgc ol' I i- \l-\ lilrns uith





















絶対値で説明する。Fig。214からわかるように ③ 基板バイアス電圧を成膜初期から最後まで -50V








Fig。2-10 Cross―seCtiOnal SIM image of Tl―Al―N fllms at unearly





(a) Reflective SEM image of Ti-Al-N
TiN interlayer
(b) observationalstudy of EBSP
Fig.2-1l Cross-sectional reflectlve SEM image of Ti-Al-N lllms at linearly ramping
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Fig。2-12 Ti_Al_N(220)diffraction peaks for the probing depth of O.5μ■1:(a)at keep
















































































































































Fig. 2-13 Dlagram al20 and sin2 y for the probing depth of 0.5 pm: (a) at keeplng the
slbstrate bias constant at -50 Y, and (b) at linearly ramplng substrate bias










































‐50V ‐150V   -50V→‐1
(ramping)
8ias voitage
Fig.2-15 Comparison of cufting performance witl different
types of substrale bias (lVork material: AISI 1049,










































Flg.2-16 Comparlson of cutting performance with different gpes
of substrate bias (Work material: SUS304, cutting speed
vc=216 m/min, cufflng feed fz=0.22 mm/toothn axlal
depth of cut ap=3 mm, radial depth of cut ae=150 mm,
and lubrication: dry, cufflng time 75 min).
(a}Blas voltage:‐50V
(b)Blas voltagel・150V


































High bias voltage (Breakage resistance)
lncrease bias voltage
Low bias voltage (Adhesion)
Fig.2-17 Cross-sectional image of Ti-Al-N films.
合には,用嘆初期の -50V付近ではFL.28に示されるように 900)配向d嘆成長するが,除々 に基
板バイアス電王が高くなって -100Vを超える値となると(lH)配向が支配的となるため,これまで







脚 から4「nまで残留応力値はほぼ0.5 GPaと一定であった(ここd嘆中の平均圧縮残留応力は 0.5


























surface of film substrate/film interface
2
Probing depth(μm)
Fig.2-18 Residual stressof Ti-Al-N tilms as a function of probing depth
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Table 3-2 Deposition conditions of films.





















うに調整されたWC℃o系超硬合金基材(ЛS K10,13 1rlm×1311111m×31111m),および切削工具lJIS P20)に




















SCM435(HB230)とし,カッタ径 lω IIm,切肖J速度vc=3tXl mminぉょび4tXlmmin,送り速度色=0.2
Ш就,軸方向切込みap=2-,センタカットによるドライ加工とした。なお,被削材形状は,幅150
111m,長さ3KXl llllmのブロック体で,1平面を加工した状態をl Passと定義した






Axial depth of cut















で示された回折ピー クが膜に起因するピー クである。なお,それ以外は基材の超硬合金(WC Co)のピ
ークである。膜の回折ピー クは,いずれもNaCI型構造の回折パターンであり,Tin50N膜は 200H







25-1495),CrN(111)面=0.23940(JCPDS ll tX165)の値 を用い,Vegard貝りに従 うもの としてT轍鳴ON
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500 700 900 1100 1300
Annealing temperature (K)
Flg,3-4 Distortion of lattlce spacing of lirms annealed at 973K
and 1173IC O: TiAIN(200), A: AICrN(111)
10
Cutting length (Pass)
Photographs of flank wear afier 8 Pass














































































0 5 10 15 Photographsofflankwearafterll pass.
Cutting length (Pass)
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Table 4-l Phvsical structure of Ti】ヾand AIN rllllls.


















Fig.4-1 Schematic diagram of deposition apparatus for superlattice.


































Ar gas plasma bombardment A,ClNffiAlN deposition







































































Table 4-3 Cutting parameters of milling test.





Axial depth of eut




























熱 dial depth oFcut
Lubrication




















































(a)TIA:N      (b)A:CrN    (c)A:CrN′面Al鉗
nanomulJlayer
Fig.4-3 CoEnparison of nano―illdentation hardness of rllins.




TiAIN 40GPa 1223K -0.7GPa73.8N
AICrN 49GPa 1400K (-4.6Pa)62.3N
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Fig.4-4 The result of thermogravimetric analysis.
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Flg. ,L6 The resultc of themal efrcshdf enalysls.
Surface oftth Substrate/ film interface
Probing depth(ッml)
Fig.47 Residualstress oFTIAIN and AICrNrTIAIN nlms as a























































































(a) Large magnification of TEM observation (b) Low magnification of TEM observation
Fig.4-8 Cross sectional TENI image of AlCrNiTiAl\ nanomultilal'er film rvith a period 10nm.









がわかる。膜の下層約 lβ付近,すなわち基板バイアス電圧が -80～-1∞V付近までは 200)配向で
粒径は200～50011m程度で粗粒である。膜の中央付近,すなわち基板バイアス電圧が lCXl～-120V
付近で配向` 性が (200)から(lH)へ変化するとともに粒径が微細化している。さらに新 バイアス電
圧が -120V以上となる膜の上層 1んの所では粒径が約50 rlm程度に微細化し(lH)配向となることが
わかった。
(a) HAADF-STEM observation rJrstarrce la'u',
(b) EDX line microprobe analysis
Fig.4-9 Cross-sectional HAADF-STENI image of AlCr\/TL{l\ nanomultilayer films and























Di t nc  (a.u.)
-57¨
(1 1 1) orientation
grain size - 50 nm
transition zone
(a)ReflediveSEMimage (b)oberudbndstudyofEBSP
Fig.4-10 Cross-sectional reflective SEM image of Ti-Al-N films at linearly ramping


































Photographs of flank wear after 9 pass.
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Too:‖fe T(min}
Fig。4-12■:_T cuⅣesofTがLIN/CrAIN nanomuitilayer
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preventing a crack.Fig.4-1.1Schematic diagram of technique for
crack
匡=)  ぐ=コ
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AICrN/TiAlN multilayer period (nm)
Fig..l-16 Comparison of cutting length as a function of AlCr'\/Ti-{l\ multilal'er period.















り,表面から 1.8脚nで最大圧縮応力 2.8 GPaであった。また,膜中の平均圧縮残留応力も








約 lβ付近,すなわち基板バイアス電王が -80～-1∞V付近までは c00H酉己向で粒径は2CXl～
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or carbon vapor Hydrocarbon gas















80 GPaの水素フリー のアモルファスDLC oo
グラファイトターゲットを用いたカソー ドアーク式イオンプレー ティングイオンプレー ティング
法¬就膜される膜厚0.1～1脚m程度のコー ティンえ
Maker A B C D E F G













Thickness [uml ^vコ (1卜3 ´ヽ 1 -3 -1 ～ 1 ～15













































Adhes!on good good good excellent excellent excellent fair
Friction coefficient 009 003 014 010 008 009 014
Wear resistant good good good fair good fair fair
Wear mating material small small small small small large large
Fig. 5-2 Comparison of DLC Films.
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Fig. 5-3 Tp'pical deposition processes of DLC film.
(3)金属姉 る硬度8～20 GPaD¨LC obOH/M←ac:D
金属元素ターゲット(W,Ti,Cr,siなど)を用いた炭化水素ガス中のスパッタリング法やスパッタ
リング法と炭化水素ガスを用いたイオン化蒸着法(またはプラズマ CVD法)を複合させたプロセスで











イオンプレー ティング法を用いた。DLC膜の機械特性, しゅう動特l■を評価するため, ミラー ポリッ
シュにより算術平均表面粗さ(R)が0.01 Hlll以下となるように調整されたWC Co系超硬合金基材
(ЛS K10,13Ⅲ‐ 3m×3mm)および切削工具にTablc 5 1に示す条件でDLC膜を調嘆した。なお,
Bombardment
Cathode Cr





















um pump DC power supply





























(HRC60,930 mm x 3 mm )
(b)Ball impacttest






重50 mgfで連続則性測定法(ContinuO“S mlcss Mcasurelnent Mttodlにより求めた。DLC膜の含有水
素量に関しては,ERDAl誂面c Recoil⊇etectiOn AnJysis:反跳原子検出法)により分析した。また,電
























Flg.5-7 Schematlc sketch of the body geomefiy and








Table 5-2 Cutting parameters of milling test.
TooI holder WEM3032E(o32mm)
lnsert:APET160508PDFR―S(K10)
Work material A5052. ADC12
Cutting speed 300 m/min
Feed rate 0.15 mm/t
Axial depth of cut 5 mm
Radialdepth of cut 5 mm
Lubrication Dry and Wet(5 o/o emulsion)
Table 5-3 Cutting parameters of nilling test.

























































{b) EDX line microprobe analysis
image of DLC films and it's ED\ line nticroprobe anall'sis.
(b)
Rockn'ell.Fig. 5-9 The peeling test of DLC n'ith
(a) conventional Plasnta ('\'D
(b) cathodic arc tlischarge
》I
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Fig. 5-10 The peeli:rg test of DLC with ball impact testing.
(a) conventional Plasma C\D (after 200 cycle)














Fig. 5-11 Surface morphology of (a) 0.1 pm thickness and































Fig. 5-f 3 The pin-on-disk test results for an aluminum alloy













































































Fig. 5-14 Optical micrograph of the rake face after the
































Fig.5-15 SEM micrographs of rake and flank face after the dry milling test
forAlCu2.5Si18 alloy (cutting length 36m).
Fig. 5-16 EDS elemental (Al Ka) dot mappings of rake and flank face after



















































つ o ヽ `①礎豊 』遷
WET
Fig. 5-17 Measurement of cutting forces during
one pass (workpiece: A5052).
A5052 ADC12
Fig. 5-18 l\Ieasurement of machined surface roughness
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Fig.5-20 Changes of machined surface roughness of
work material (ADC12) as a functlon of
cuffing length with uncoated and DLC coated


































































































Fig.5-22 The comparison of chips after milling
(rvorkpiece: A5052).
(a) (b) (c.) (d)
Fig. 5-23 }leasurement of cutting forces
during one pass, (a) DLC on rake and
flank faces, (b) DLC on rake face, (c)





















Fig.5-24 Type of chip after milling test, (a) DLC on
rake ard flank faces, (b) DLC on rake face,
(c) DLC on flank face, (d) uncoated
(workpiece: .4'5052).
‐10       0       10
Machining error(mm)














































Table 5-4 Cutting parameters of shoulder milling test. j ilTool End-mills: ASM4IOOD|(K10) | | I
workmateriat A7075 nT
cuttins speed 346 m/min ZA I It s r.
Axial depth of cut 15 mm 'fr) I I
Radialdepth of cut 't mm 'VZa
Lubrication Dry '///rl
Fig. 5-26 Relationship behveen feed rate and machined surface of shoulder milling test.
Feed rate







































Table 5-5 Cutting parameters of slotting milling test.
Tool          End‐m離lsi ASM2050DL(K10)
Workmaterial
Cutting speed








fable 5-6 Comparison of crltlcal feed rate of slotting milling test.
F Immrminl10001200140016001800 1900 2700280020003000
fZImmた00th]0.0360.0430.050.0570.0640.068 0,0960.100.1040,107
uncOated○ ○ ○ ○ brr.ktgc
DLC Coated○ ○ ○ ○ ○ 0 ○ ○ ○ brcakagc
Table 5-7 Cutting parameters of milling test.
Tool End-mills: ASM2100D(K10)
Workmaterial 45052
Cutting speed 314 mlmin
Feed rate 0.1 mm/t
Axialdepth of cul 5 mm(0.5 D)
Lubrication Dry
…86‐




Fig.5-27 Comparison of state of sloffing machining.





Axial depth of cut








Fig. 5-28 Comparison of state of surface after machining.



































(a) Friction coefftcient p 
= 











max.temp€rature = 610 K
max.tamperalure = 470 K
Fig.5-29 The simulation results of tJpe of chlps and the contours of temperature











































Table 5-10 Cutting parameters of milling test.





Axial depth of cut








(a) Film thickness: 0.1 pm
(b) Film thickness: 0.4pm
Fig.5-30 The comparison of cutting edge and type of chips
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次 に高温での被膜 の安定性 を評価 した結果,膜の酸化 開始温度 は TiAN膜の場合 1098K,
AICrN/TiAINナノ積層膜は 1233Kであ り135K高くなっていることがわかった。さらに酸化の進行が















膜の中央付近,すなわち基板バイアス制王が 1∞～ -120V付近で配向性が 200Hから(lH)へ変化
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